Pyridopyridazines are an important kind of nitrogen atom containing heterocyclic compounds due to their synthetic and pharmacological versatility. This fused heterocycle system represents a common structural feature for many bioactive compounds showing a variety of pharmacological activities which makes it an attractive scaffold for the design and development of new drugs. This mini review summarizes an updated information described in recent literature, about the most relevant pharmacological properties of pyridopyridazines derivatives.
Introduction
Heterocyclic compounds constitute a huge group of organic compounds playing a key role in drug discovery because of their biological properties. Therefore, several heterocycles are fundamental for life of plants and animals, such as the heme group of chlorophylls and haemoglobin or the nitrogen bases and sugars of nucleic acids, and many of them are nitrogen containing heterocycles. From a Medicinal Chemistry point of view, the introduction of azaheterocycles is interesting because it may modify the electron distribution inside the scaffold leading to a modification of the chemical and physical properties of the compounds (solubility, polar surface area, etc). In addition to modification of the scaffold reactivity towards metabolic pathways, along with is its capacity to cross biological barriers [1] .
Pyridopyridazines are structurally related to phthalazines, which have been extensively described in the medicinal chemistry literature as an interesting scaffold. The introduction of a nitrogen atom into the benzo ring of phthalazines leads to pyridopyridazines. This scaffold can be easily functionalized at various ring positions, which makes it an attractive synthetic compound for designing and development of the novel pyridopyridazine drugs. There are 8 isomeric forms of pyridopyridazines [2] (Figure 1) .
It is noteworthy to denote that pyridopyridazine nucleus attracted many international leading pharmaceutical companies for their reasonable biological activities. Novartis and Hexal launched miretilan ® and Arritlan ® respectively as clinically approved antihypertensive drugs have Endralazine Mesylate as active ingredient with pyridopyridazine core moiety [3] [4] . Merck Sharp & Dohm limited played a great efforts on pyridopyridazine nucleus in CNS related diseases [5] . In addition, Glaxo Smith Kline patented novel pyridopyridazines with antihistaminic activities [6] .
Recently, some new pharmaceutical development potentials have been realized with this class of compounds. Some pyrido [2,3-d] -and pyrido [3,4-d] pyridazines were found as protein kinase, especially p38 kinase, inhibitors for treating inflammation and related conditions including rheumatoid arthritis, psoriasis, and other inflammation disorders [7] [8] . A range of pyridopyridazinones have been assayed as potential analgesic agents and showed antinociceptive activity [9] . Some pyridopyridazie derivatives were studied for the treatment of tumors driven by inappropriate hedgehog signaling and demonstrated antagonism of human smoothened with IC 50 less than 1 μM [10] . In addition, this nucleus showed antiasthmatic [11] , antidiabetic [12] , antituberculosis [13] , and antimicrobial activities [14] (Figure 2) .
However, pyridopyridazine system is a versatile scaffold in Medicinal Chemistry which provides derivatives able to interact with different kinds of biological targets, comprehensive report on different activities of pyridopyridazine based compounds is not available in literature till now. The present minireview summarizes the current information about the relevant pharmacological activites of pyridopyridazines derivatives (Figure 2 ).
Pharmacological Activities

Anti-Inflammatory and Analgesic Activity
Protein kinases are a big family of enzymes, which trigger the phosphorylation of target protein substrates. Among these kinases, P38 kinase which is mediated in the regulation of Interleukin-I (IL-1) and Tumor Necrosis factor α (TNF-α) as pro-inflammatory cytokines secreted by macrophage and monocytes in response of inflammatory stimuli as Lipopolysaccharide (LPS). High expression of TNF-α is implicated in triggering many diseases as rheumatoid arthritis (RA), osteoarthritis, inflammatory bowel disease [7] . In 2009, Pettus, L, H. Patented a new set of pyrido [2,3-d] pyridazine-2(1H)-one derivatives which are useful in prophylaxis and treatment of protein kinase mediated inflammation and related diseases e.g. rheumatoid arthritis, pulmonary diseases, pain. Among these compounds, compounds 1a, b and 2 showed the most potent activity in treatment of P38-kinase mediated diseases [7] . In 2011, R. M. Tynebor et al., Merck sharp & dohme, developed a new class of p38α selective pyridopyridazin-6-one series from the p38 α/β dual inhibitor with highselectivity, potency and with favor of suppressing lipopolysaccharide (LPS) induced TNF α production (proinflammatory cytokines) which resulting in effective therapeutically response against autoimmune driven diseases as rheumatoid arthritis. Form this new class, compound 3 is one of the most active derivatives in suppressing TNF α levels in LPS rodent model [8] . One year later, the same authors studied the structural activity relationship for the previously mentioned pyridopyridazin-6-one scaffold. They discovered compound 4 which has subnanomolar p38α activity with moderate p38β isoform selectivity [15] (Figure 3) .
Pain is an unpleasant sensory and emotional experience associated with potential or actual tissue damage [16] . Pain represents a major symptom of many pathological conditions and millions of people worldwide must use analgesic agents in order to treat different types of pain. In 1998, H. Sladowska et al. synthesized a set of 4-aminosubstituted-2,6,7-trimethyl-1,5-dioxo-1,2,5,6-tetrahydropyrido [3,4-d] pyridazines which significantly inhibit the spontaneous locomotors activity and decrease the excitatory action of amphetamine and exerted analgesic properties in mice. From this set of compounds, compounds 5a-c showed strong analgesic activity as assayed in the "writhing syndrome" test. While, compounds 5a,b suppressed spontaneous locomotors activity [17] . In 2009, W. Pakulska et al. synthesized a new series of N-(dimethylamino) ethyl pyridopyridazinones. The compounds have been assayed for their analgesic effect in the hot-plate, tail-flick, and writhing tests [9] . Among them, compounds 6a,b exhibited potent analgesic activity [9] . While, compound 7 showed a potent analgesic and anti-inflammatory activity [18] (Figure 4) . 
Antihypertensive Activity
Hypertension is a leading risk factor for cardiovascular disease development like coronary disease, myocardial infarction or stroke being also a recognized contributor to sudden death as well as to congestive cardiac failure and renal insufficiency. Therefore, antihypertensive agents are of critical importance in order to achieve a better control of blood pressure. In 1975, Nishikawa et al. have synthesized a series of substituted-pyridopyridazine derivatives. The compounds have excellent diuretic activity and different characters from known diuretics such as thiazides, carbonic anhydrase inhibitors or furosemide. Among these compounds, Compound 8 showed an excellent diuretic activity [19] .
Endralazine "compound 9" is clinically approved direct acting vasodilator which resembles Hydralazine in chemical structure. Despite the close relationship, Endralazine is about five times more potent than Hydralazine and that allowing lower dosage usage. Thus, less immunological response would be achieved [3] [4] (Figure 5 ). 
Central Nervous System Activities
Antihistaminic Activity
Allergic rhinitis and allergic processes in general are mediated by histamine, an intracellular chemical messenger which is released from several cells and specifically by mast cells. 
Antiasthmatic Activity
Bronchial asthma is a lung disease characterized by airway obstruction, inflammation and hyperresponsiveness [22] .
In 1995 R. Whilhelm, reported a series of pyrido-[2,3-d]pyridazinones as potent and selective Type IV Phosphodiesterase Inhibitors (14a-c) . These inhibitors are promising drugs in the treatment of asthma, inflammation [11] .
In 1997, V. Dal Piaz et al. synthesized a group of heterocyclic-fused pyridazinones as selective phosphodiesterase (PDE) IV inhibitors. Among these heterocycles, Compound 15, pyrido [2,3-d] pyridazinone, exhibited a good balance of potency and selectivity versus PDE IV and it displayed an affinity for Rolipram binding site by 2 orders of magnitude lower than Rolipram [23] (Figure 8 ).
Antidiabetic Activity
Diabetes mellitus is a chronic multifactorial disease characterized by a high blood glucose concentration (hyperglycemia). This complex disorder resulting from insulin deficiency (type I diabetes) or insulin resistance (type II diabetes), disturbs the metabolism of carbohydrates, fats and proteins giving rise to not only acute but also longterm complications. More than 90% of diabetic patients suffer from type II diabetes, i.e. non-exogenous insulin dependent diabetes [24] .
Increased glucose flux through the sorbitol pathway, which is mediated by the enzyme aldose reductase, has been implicated in the pathogenesis of diabetic complications. So, the discovery and development of aldose reductase inhibitors (ARIs) as potential therapeutic agents for alleviating these complications was important aim. In 1991, Mylari et al. synthesized a series of pyrido[2,3-d]pyridazin-5-yl)acetic acid, its ester 16a-c, 17a,b and evaluated their activity for inhibition of aldose reductase. Compound 16b showed potent aldose reductase inhibitory activity [12] (Figure 9 ). 
Antituberculosis
Tuberculosis (TB) is a potentially serious infectious disease that mainly affects lungs. In 1967, Kakimoto found that some derivatives of pyrido [2,3-d] pyridazine have potent anti-tuberculousis. Compounds 18 showed the best activity against tuberclebacilli than other aza phthlazine derivatives [25] . In 2005, J. Stanasiuk, developed another set of pyrido [3,4-d] pyridazine derivatives which have antimycobacterial activity. Compound 19 showed the strongest activity [13] (Figure 10 ).
Anticancer Activity
Cancer consists in an uncontrolled proliferation of abnormal cells. These mutated cells invade surrounding tissues and sometimes migrate through the blood or lymph spreading to other body organs causing metastases, which are the major cause of death from cancer. Although a significant proportion of cancers can be cured by surgery combined with radiotherapy or chemotherapy, especially if they are detected early, this disease is currently a leading cause of death in developed countries [26] .
In 2009, J. Kaizerman et al. synthesized a new Pyrido pyridazine derivatives which showed anticancer activity. Those pyridopyridazine derivatives inhibit cascade of signals which regulate proliferation. Inhibition of proliferation could be achieved by inhibition of cyclin-dependent kinases. A survey of the literature reveals that the vast majority of kinase inhibitor scaffolds consist of planar heterocycles that present both key hydrogen bond donating and hydrogen bond accepting. Compounds 20a-d showed strong anticancer activity [10] .
Recently, 2014, P. Selvakumar et al. constructed a series of pyridopyridazin-3(2H)-one derivatives. Compounds 21a-c showed potent anticancer activity against MCF-7 breast cancer cell line relative to Doxorubicin as the standard drug. The antitumor potency is belonged to the electron withdrawing substituents in the aromatic ring besides the hydrazine incorporated in those derivatives [27] . This will open new avenue to elaborate potential anticancer agents against breast cancer (Figure 11 ).
Antimicrobial Activities
Infectious diseases caused by microorganisms, bacteria, fungi and viruses have registered significant growth in recent years. The objective of microorganisms is to survive and many of them have determinants of resistance which can be expressed phenotypically as needed [28] .
Elassar et al. studied various anti-microbial biological effects of some newly synthesized fused pyridine derivatives. Among that, Compound 22 showed potential antimicrobial activity [14] (Figure 12) . 
Conclusion
Several biological activities of pyridopyridazines derivatives have been discussed. We can conclude that pyridopyridazine is one of the important biological active pharmacophores in medicinal chemistry. The study of this moiety may help in exploring new pathways for the researchers to discover new drugs of potential therapeutic value.
[6] Gore, P.M., Looker, B.E., Procopiou, P.A. and Vile, S. 
